Laser surface melting has been applied to near eutectic NiO-YSZ sintered ceramics. The objective is to generate a functional gradient composite material with graded microstructure and composition. At low solidification rates the resultant material has a graded composition, with a severe NiO segregation towards the surface. A thick NiO layer whose thickness depends on the travelling speed is formed.
In figure 1 we give SEM micrographs of transverse (XZ) polished cross-sections of samples processed at increasing laser scanning rates from 20 mm/h to 500 mm/h. At rates below 100 mm/h, primary YSZ (bright phase) has nucleated and deposited near to the interface with the unmelted, underlaying ceramic; and a layer of NiO (dark phase) has been formed on the free upper surface. The thickness of these single-phase layers increases as processing rate decreases. A closer view of the upper layer is presented in Figure 2 for two slow processing rates. One can observe that below the single phase NiO layer (perhaps containing YSZ traces), the composition is also graded with a microstructure that consist of YSZ fibers for the first 20 m and then, as NiO content increases, converts into lamellar eutectic grains. At 500 mm/h no depth (Z)-dependent segregation can be appreciated on the micrographs.
Instead, primary YSZ dendrites start to grow and project towards the melt because of constitutional undercooling at this processing rate of an intentionally YSZ rich mixture.
In table 1 we give values of the thickness of each single-phase layer as well as of the full-solidified layer. Laser power densities were adjusted so that the total thickness stayed on a narrow range around 400 m. Adjacent to the ceramic, YSZ formed an apparently continuous layer at the lowest solidification rates, although cracks progress along this layer. The cracks were formed because upon solidifying and cooling of the upper layer, this one stays subjected to tensile stress directed along the width of the sample. One way to relax this stress state is to delaminate and separate from the ceramic. Single phase YSZ is less tough than the dual phase porous ceramic or solidified eutectic, and consequently fails. Upon increasing the solidfication rate, the thickness of the YSZ layer decreases and eventually the delamination disappears. The transition between cracked and non-cracked interface is observed at around 60 mm/h, were rare delamination cracks are observed and the YSZ layer apparently is continuous with 7 micron thickness.
Composition.
The NiO layer (of thickness  n ) contained less than 0.5 % Zr cations. The composition from the steep frontier between NiO towards the inside is given in figure 3 as a function of position inside the layer normalized to ( t - n ).  t is the total thickness of the solidified layer. The composition goes from Ni rich for z- n  0, to Ni poor, with a decay length that increases as we decrease solidification rate. The decay curves that result from an exponential fit to the experimental data are shown in the image with continuous lines. The composition of the ceramic, as measured also by EDS, is shown by a discontinuous line (661 at%Ni) for reference. 
R is the travelling rate,  s and  l are the mass density of solid and liquid NiO respectively. Using the values given in table 1, neglecting mass density differences between solid an liquid, and taking V c = 1mm/s, we estimate a NiO layer thickness on the melt of 200 to 480 nm thick in our experiments. Of course, will depend on the processing parameters and on the mechanism by which this layer is fed with Ni coming from a small volume of melt that, moreover, becomes poor in Ni by the process. The preceding estimate does however tell us that the NiO layer thickness required to account for the observed segregation is very small, less than 1 micron, and would account for much of the  n vs.
traverse speed dependence presented in figure 4.
There are several possible mechanisms for composition inhomogeneity in an inhomogeneously heated melt with an advancing solidification front. There may be solutal and thermosolutal convection (when the density variations are generated by different solute content)
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. But solid NiO is denser than solid YSZ, and we have no hints that would suggest the same is not true for their melts. Liquid NiO would sink. Moreover, experiments on vertical LFZ growth of NiO-YSZ eutectics pulling the crystal downwards 19 still present preferential segregation towards the surface, which is in contradiction. In the absence of convection, thermal gradients can also produce the migration of species by a diffusion process (thermotransport or Soret Effect), causing the cold and hot regions of the liquid to be richer in one or the other species forming the mixture 26 . It there were preferential diffusion of NiO towards the hottest melt regions, NiO would migrate towards the top of the melt. Changes in composition arise also in the diffusion layer as well as in the mushy zone 27 when a solute has partition coefficient different from 1, although one would not expect this to be the case in the solidification of a eutectic. Liquid-gas interaction might be able to segregate a very thin layer of NiO at the surface. Surface tension and stoichiometry of both liquid oxides and its mixtures can be very different.
Unfortunately, there are no data in the literature about liquid densities, its dependence on stoichiometry, 8 to propose one mechanism with much preference. More experiments with varying conditions and with different systems are needed to identify the precise mechanism of the severe NiO segregation.
Conclusions
We have proved that applying surface laser melting to YSZ rich hypereutectic of YSZ-NiO ceramics, a layered material consisting of the following layers: composite ceramic (2 to 3 mm), primary zirconia (around 10 m), eutectic with graded compositon (around 400 m) and single-pahse NiO (approximately 30 m thick), is formed. This can be done at solidification rates between 20 and 100 mm/h. The thickness of the fully segregated layers (YSZ and NiO) increases as the laser scanning rate decreases.
To use this procedure to prepare ceramic functional gradient materials (FGM), thermal stresses have to be carefully handled. Very thick, single phase YSZ separating the resolidified layer and the supporting ceramic might not be attained because of them fracturing this fragile layer.
The most relevant result of the work is the macroscopic segregation of NiO towards the surface, which even forms a thick layer. Although we were not able to identify the mechanism, the experiments suggest that interaction of the melt with the surrounding gas or thermal diffusion of the NiO towards the hottest areas of the melt might be playing a role in the process. Further research is needed to fully understand it, which will allow apply the procedure to different eutectic mixtures to create FGM by laser surface melting as well as by laser floating zone eutectic growth. 
